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CHAPTER 500
TRAFFIC INTERCHANGES

Topic 501 - General

Index 501.1 - Concepts

A traffic interchange is a combination of ramps
and grade separations at the junction of two or
more highways for the purpose of reducing or
eliminating traffic conflicts, to improve safety,
and increase traffic capacity. Crossing conflicts
areeliminated by grade separations. Turning
conflicts are either eliminated or minimized,
depending upon the type of interchange design.

501.2 Warrants

All connections to freeways are by traffic
interchanges. An interchange or separation may
be warranted as part of an expressway (or in
special cases at the junction of two non-access
controlled highways), to improve safety or
eliminate a bottleneck, or where topography
does not lend itself to the construction of an
intersection.

501.3 Spacing

The minimum inter change spacing shall
be 1.5 km in urban areas, 3.0 km in
rural areas, and 3.0 km between
freeway-to-freeway interchanges and
local street interchanges. To improve
operations of closely spaced interchanges the
use of auxiliary lanes, grade separated ramps,
collector distributor roads, and/or ramp metering
may be warranted.

See Design Information Bulletin No. 77 for
additional information on interchange spacing,
including the procedural and documentation
requirements to be fulfilled prior to requesting
an exception to the above standards.

Topic 502 - Interchange Types

502.1 General

The sdlection of an interchange type and its
design are influenced by many factors including
the following: the speed, volume, and
composition of traffic to be served, the number
of intersecting legs, the standards and ar-
rangement of the local street system including
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traffic control devices, topography, right of way
controls, local planning, proximity of adjacent
interchanges, community impact, and cost.
Even though interchanges are, of necessity,
designed to fit specific conditions and controls,
it is dedrable that the pattern of interchange
ramps along a freeway follow some degree of
consistency. It is frequently desirable to
rearrange portions of the local street system in
connection with freeway construction in order to
effect the most desirable overall plan of traffic
service and community devel opment.

Interchange types are characterized by the basic
shapes of ramps. namely, diamond, loop,
directional, hook, or variations of these types.
Many interchange designs are combinations of
these basic types.  Schematic interchange
patterns are illustrated in Figure 502.2 and
Figure 502.3. These are classified as: (a) Local
street interchanges and (b) Freeway-to-freeway
interchanges. See Chapter X of "A Policy on
Geometric Design of Highways and Streets,”
AASHTO, 1994, for additional examples.

502.2 Local Street Interchanges

Theuse of isolated off ramps or partial inter-
changes should be avoided because of the
potential for wrong-way movements and added
driver confusion. In general, interchanges with
all ramps connecting with a single cross street
are preferred.

(a) Diamond Interchange--The simplest
form of interchange is the diamond.
Diamond interchanges provide a high
standard of ramp alignment, direct
turning maneuvers at the crossroads,
and usually have minimum construction
costs. The diamond type is adaptable to
awide range of traffic volumes. The
capacity islimited by the capacity of the
intersection of the ramps at the
crossroad.  This capacity may be
increased by widening the ramps to two
or three lanes at the crossroad and by
widening the crossroad in  the
intersection area. Crossroad widening
will increase the length of under-
crossings and the width of over-
crossings, thus adding to the bridge
Ccost. Ramp intersection capacity
analysisis discussed in Topic 406.
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Figure 502.2

Typical Local Street Interchanges
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Figure 502.2

Typical Local Street Interchanges
(continued)
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Figure 502.3
Typical Freeway-to-freeway
Interchanges
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Figure 502.3

Typical Freeway-to-freeway Interchanges
(continued)
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The compact diamond (Type L-1) is
most adaptable where the freeway is
depressed or elevated and the cross
street retains a straight profile. TypeL-
1's are suitable where physical,
geometric or right of way restrictions do
not pemit a spread diamond
configuration.

The spread diamond (Type L-2) is
adaptable where the grade of the cross
street is changed to pass over or under
the freeway. The ramp terminas are
spread in order to achieve maximum
sight distance and minimum intersection
cross dlope, commensurate  with
construction and right of way costs,
travel distance, and general appearance.
A spread diamond has the advantage of
flatter ramp grades, greater crossroads
left-turn  storage capacity, and the
flexibility of permitting the construction
of future loop ramps if required.

The split diamond with braids (Type
L-3) may be appropriate where two
major crossroads are closely spaced.

(b) Interchanges with  Pardld  Street

Systems--Types L-4, L-5 and L-6 are
interchange systems used where the
freeway alignment is placed between
parallel streets. TypesL-4 and L-5 are
used where the pardld streets will
operate with one-way traffic. In Type
L-4 slip ramps merge with the frontage
street and in Type L-5 the ramps
terminate at the intersection of the
frontage road with the cross street,
forming five-legged intersections. In
Type L-6 the freeway ramps connect
with two-way padle streets. The
paralel streetsin the TypesL-4, L-5and
L-6 situation are usually too close to the
freeway to permit ramp intersections on
the cross street between the paralé
frontage streets.

The "hook" ramps of the Type L-6 are
often forced into tight situations that |ead
to less than desirable geometrics. The
radius of the curve at the approach to the
intersection should exceed 50 m and a
tangent of at least 50 m should be
provided between the last curve on the
ramp and the ramp terminal. Specid

attention should always be given to exit
ramps that end in a hook to ensure that
adequate sight distance around the
curve, deceleration prior to the curve or
end of anticipated queue, and adequate
superelevation for anticipated driving
Speeds can be devel oped.

(c) Cloverleaf Interchanges--The simplest

cloverleaf interchange is the two-
guadrant cloverleaf, TypeL-7 or Type
L-8, or a combination where the two
loops are on the same side of the cross
street. Type L-7 eliminates the need for
left-turn storage lanes, on or under the
structure, thus reducing the structure
costs. These interchanges should be
used only in connection with controls
which preclude the use of diamond
ramps in all four quadrants. These
controlsinclude right of way controls, a
railroad track paralleling the cross street,
and a short weaving distance to the next
interchange.

The Type L-9, partid cloverleaf inter-
change, provides loop on-ramps in
addition to the four diamond-type
ramps. Thisinterchange is suitable for
large volume turning movements. Left-
turn movements from the crossroads are
eliminated, thereby permitting two-phase
operation at the ramp intersections when
signalized. Because of thisfeature, the
Type L-9 interchange usually has
capacity to handle the volume of
interchange traffic  which can be
accommodated on the crossroads.

The four-quadrant cloverleaf interchange
(Type L-10) has free-flow characteristics
for al movements. It has the disadvan-
tage of a higher cost than a diamond or
partial cloverleaf design and arelatively
short weaving section between the loop
ramps which limits capacity. Collector-
distributor roads should be incorporated
in the design of four-quadrant cloverleaf
interchanges to separate the weaving
conflicts from the through freeway
traffic.

(d) Trumpet  Interchanges-A  trumpet

design, Type L-11 or L-12, may be used
when a crossroads terminates at a
freeway. This design should not be
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used if future extension of the
crossroads is probable. The diamond
interchange is preferable if  future
extension of the crossroads is expected.

(e) Single Point Interchange (SPI)--The

Type L-13 isaconcept which essentialy
combines two separate diamond ramp
intersections into one large at-grade
intersection. It is also known as an
urban interchange. Type L-13 requires
approximately the same right-of-way as
the compact diamond. However, the
construction cost is substantially higher
due to the structure requirements. The
capacity of the L-13 can substantialy
exceed that of acompact diamond if long
signal times can be provided and left
turning volumes are balanced.

This additional capacity may be offset if
nearby intersection queues interfere with
weaving and  storage  between
intersections. The disadvantages of the
L-13 are: 1) Future expansion of the
interchange is extremely difficult; 2)
Stage construction for retrofit situations
is costly; 3) Long structure spans require
higher than normal profilesand deeper
structure depths; and 4) Poor pedestrian
circulation that could lead to providing a
grade separated pedestrian structure if
pedestrian volumes are high.

Typicaly, the SPI is best suited for
undercrossings; it is difficult to provide
good geometrics where the cross street
rolls up and over the freeway.

Specia attention should be given to
signing, striping, lighting and sight
distance dueto driver unfamiliarity with
the non-conventional geometrics and
features of the L-13. The SPI is
sgnificantly longer and wider than
conventional intersections, therefore,
pavement delineation is particularly
important in order to guide the driver
through the intersection. The sight
distance to pavement delineation on crest
vertical curvesisreduced as compared to
flat grades or sag vertica curves.
(Night-time sight distance on sag vertica
curves can be supplemented by street
lighting.) Proposals for Type L-13
interchanges on crest verticad curves
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should be discussed with the Project
Development Coordinator and Traffic
Operations Reviewer early in the project
devel opment process.

Designers should refer to the 1994
AASHTO Publication "A Policy on
Geometric Design of Highways and
Streets’ (the Green Book) for more
detalled information on Single Point
Interchanges.

502.3 Freeway-to-freeway
Interchanges

(1) General. The function of the freeway-to-
freeway interchange is to link freeway
segments together so as to provide the opti-
mum highway system. Parameters such as
cost, environment, community values,
traffic volumes, route continuity, map
relatability, and safety should al be
considered. Both the sign route and the
major traffic volume should beto the left at a
freeway-to-freeway interchange, if possible.

(2) Design Considerations.

(a) Cost--The differential cost between in-
terchange types is often significant. A
cost-effective  approach will tend to
assure that an interchange is neither over
nor underdesigned. Decisions asto the
relative values of the previously
mentioned parameters must be consistent
with decisions reached on adjacent main
line freeways.

(b) System  Bdance-The  freeway-to-
freeway interchangeisacritical link in
the total freeway system. The level of
traffic service provided will have impact
upon the mobility and overdl
effectiveness of the entire roadway
system. For instance, traffic patterns
will adjust to avoid repetitive bottle-
necks, and to the greatest degree
possible, to temporary closures,
accidents, etc. The freeway-to-freeway
interchange should provide flexibility to
respond to these needs so as to
maximize the cost effectiveness of the
total system.

(c) Elimination of Connections--Freeway-
to-freeway interchanges need not include
al possible turning movements.
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Connections serving minor  traffic
volumes or significantly out-of-direction
traffic movements should be omitted
unlessit can be demonstrated that traffic
service and other benefits justify the
costs. Considerations include:

Traffic volumes--Turning traffic vol-
umes may be nominal or asmall per-
centage of the total interchanging
traffic.

Circuitry--Connections may only
serve dgnificantly out-of-direction
traffic movements.

Freeway |location--Where three free-
ways cross so asto form arelatively
small triangle, the omission of the
backward freeway-to-freeway
connections from one leg of the
triangle to another may have little
negative impact on local or through
traffic service.

Use of loca streets-Low turning
volumes may be accommodated
reasonably well by way of loca
interchanges and the local street
system. There may be both traffic
operational advantages and economic
savings from utilizing and improving
thislocal systemin lieu of providing
the freeway-to-freeway connections.

Staging--Staging possibilities should
be thoroughly assessed. Provisions
should be made for adding or
upgrading ramps and connectors at a
later time. For example, an initia
loop ramp might be later upgraded to
direct connector.

Effect on other traffic movements--
Provision of minor movements may
be detrimental to traffic operation on
major branch connections and the
main line freeways.

Costs--All construction and right of
way savings and costs attributable to
the dimination of  turning
movements should be considered.
This includes possible additiona
local interchange and street costs as

well as reductions in the freeway-to-
freeway interchange costs.

Signing--Freeway-to-freeway traffic
may be signed via the local street
system. Routes should be
sufficiently direct and well oriented
to insure that the unfamiliar driver
can follow them.

(d) Local Traffic Service--In metropolitan

areas a freeway-to-freeway interchange
isusualy superimposed over an existing
street system. Local and through traffic
requirements are often in conflict. Com-
binations of loca and freeway-to-
freeway interchanges can result in
designs that are both costly and so
complex that the important design
concepts of simplicity and consistency
are compromised. Therefore, adternate
plans separating loca and freeway-to-
freeway interchanges should be fully
explored. Less than desrable loca
interchange  spacing may  result;
however, this may be compensated for
by upgrading the adjacent loca
interchanges and street system.

Local traffic service interchanges should
not be located within freeway-to-free-
way interchanges unless geometric
standards and level of service will be
substantially maintained.

(e) Alignment--It is not considered practical

to establish fixed freeway-to-freeway in-
terchange aignment standards. An
interchange must be designed to fit into
its environment. Alignment is often
controlled by external factors such as
terrain, buildings, street patterns, route
adoptions, and community value consid-
erations. Normally, loops have radii in
the range of 50 mto 65 m and direct
connections should have minimum radii
of 260 m. Larger radii may be proper
In situations where the skew or other site
conditions will result in minima
increased costs. Direct connection radii
of at least 350 m are desirable from a
traffic operational standpoint.  High
adignment and sight distance standards
should be provided where possible.
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Drivers have been conditioned to expect a
certain standard of excellence on California
freeways. The designer's chalenge is to
provide the highest possible standards
consistent with cost and level of service.

(3) Types. Severad freeway-to-freeway in-
terchange design configurations are shown
on Figure 502.3. Many combinations and
variations may be formed from these basic
interchange types.

(a) Four-Leve-Interchange--Direct connec-
tionsare appropriate in lieu of loops
when required by traffic demands or
other specific site conditions. The Type
F-1 interchange with all direct
connections provides the maximum in
mobility and safety. However, the high
costs associated with this design require
that the benefits be fully substantiated.

The Type F-1 Alternative "A"
interchange utilizesa single divergence
ramp for traffic bound for the other
freeway; then provides a secondary
directional split. Each entrance ramp on
a Type F-1A interchange is provided
separately. The advantages of the Type
F-1A are: 1) reduced driver confusion
since there is only one exit to the other
freeway, and 2) operations at the
entrance may be improved since the
ramps merge with the mainline one at a
time.

The Type F-1 Alternative "B"
interchange provides separate directional
exit ramps and then merges the entering
traffic into a single ramp before
converging with the mainline. Since the
Type F-1B combines traffic from two
ramps before entering the freeway, it is
important to verify that adequate
weaving capacity is provided beyond the
entrance. Separating the directional split
of exiting traffic reduces the volume to
each of the two ramps and therefore may
improve the level of service of the weave
section prior to the exit.

Design for afour-level interchange may
combine the configuration of the Type
F1-A and F1-B interchange to best suit
the conditions at a given location.
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(b) Combination Interchanges--The three-

guadrant cloverleaf, Type F-2, with one
direct connection may be necessary
where a single move carries too much
traffic for aloop ramp or where the one
guadrant is restricted by environmental,
topographic, or right of way controls.

The two-loop, two-direct connection
interchange, Type F-3, is often an
appropriate solution.  The weaving
conflicts which ordinarily constitute the
most redtrictive traffic constraint are
eliminated, yet cost and right of way
requirements may be kept within
reasonable bounds. Consideration
should be given to providing an
auxiliary lane in advance of the loop off-
ramps to provide for vehicle
deceleration.

(c) Four-Quadrant Cloverleaf--The four-

quadrant cloverleaf with collector-
distributor roads, Type F-4, isordinarily
the most economical freeway-to-freeway
interchange solution when all turning
movements are provided. The four-
guadrant cloverleaf is generdly
applicable in situations where turning
volumes are low enough to be
accommodated in the short weaving
sections. It should be designed with
collector-distributor roads to separate
weaving conflicts from the through free-
way traffic.

(d) Freeway Terminal Junction--Types F-5,

F-6, F-7, and F-8 are examples of inter-
change designs where one freeway
terminates at the junction with another
freeway. In genera, the standard of
alignment provided on the left or median
lane connection from the terminating
freeway should equal or approach as
near as possible that of the terminating
freeway. Terminating the median lane
on a loop should be avoided. It is
preferable that both the sign route and
the major traffic volume be to the left at
the branch connection diverge. The
choice between Types F-7 and F-8
should include considerations of traffic
volumes, route continuity, and map
relatability. When these considerations
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arein conflict, the choiceis made on the
basis of judgment of ther reative
merits.

Topic 503 - Interchange Design
Procedure

503.1 Basic Data

Data relative to community service, traffic,
physical and economic factors, and potential
areadevelopment which may materidly affect
design, should be obtained prior to interchange
design. Specifically, the following information
should be available:

(a) Thelocation and standards of existing
and proposed loca streets including
types of traffic control.

(b) Existing and proposed land use
including such developments as
shopping centers, recreational facilities,
housing developments, schools, and
other institutions.

(c) A traffic flow diagram showing average
daily traffic and design hourly volumes,
as well as time of day (a.m. or p.m.),
anticipated on the freeway ramps and
affected local streets or roads.

(d) The reationship with adjacent inter-
changes.

(e) Thelocation of major utilities, railroads,
or airports.

503.2 Approval

Interchanges are among the major design
features which are to be reviewed by the Project
Development Coordinator, other Headquarters
staff, and the FHWA Transportation Engineer,
as appropriate. Mgjor design features include
the freeway alignment, geometric cross section,
location of separation structures, closing of local
roads, frontage road construction, and work on
loca roads. Particularly close involvement
should occur during preparation of the Project
Study Report and Project Report (see the Project
Development Procedures Manual). Such
reviews can be particularly vauable when
exceptions from advisory or mandatory design
standards are being considered and alternatives
are being sought.

Topic 504 - Interchange Design
Standards

504.1 General

Topic 504 discusses the standards that pertain to
both loca service interchanges (various ramp
configurations) and freeway-to-freeway
connections. The design standards, policies and
practices covered in Indexes 504.2, and 504.5
through 504.8 are typicaly common to both
ramp and connector interchange types. Indexes
504.3 and 504.4 separately discuss ramp
standards and freeway-to-freeway connector
standards, respectively.

504.2 Freeway Entrances and Exits

(1) Basic Palicy. All freeway entrances
and exits, except for direct connec-
tions with median High Occupancy
Vehicle lanes, shall connect to the
right of through traffic.

(2) Sandard Designs. Design of freeway
entrances and exits should conform to the
standard designs illustrated in  Figure
504.2A (single lane), and Fiqure 504.3C
(two laneentrances and exits) and/or Figure
504.4 (diverging branch connections), as

appropriate.

The minimum deceleration length
shown on Figure 504.2A shall be
provided prior to the first curve
beyond the exit nose to assure
adequate distance for vehicles to
deceler ate before entering the curve.
The same standard should apply for the first
curve after the exit from a collector-
distributor road. The range of minimum
"DL" (distance) vs. "R" (radius) isgiven in
the table in the lower part of Figure 504.2A
above the exit ramp diagram.  Strong
consideration should be given to lengthening
the "DL" distance given in the table when
the subsequent curve is a descending loop
or hook ramp, or if the upstream
condition is a sustained downgrade (see
AASHTO, A Policy on Geometric Design of
Highways and Streets, 1994, Chap. 10 for
additional information).
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Figure 504.2A

Single Lane Freeway Entrances and Exits
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(See Index 504.3(10))

NOTES:

Minimum length between exit nose and end of ramp is
160 m for full stop at end of ramp.

"DL’ distance should be lengthened for descendjng, short

R (m) |Min. DL (m) ®
Less than 80 180
90-150 160
151-~-300 130
over 300 82.3

radius curves, or if entered from a sustained downgrade.

On single lane freewa{ to freeway connections the right
paved shoulder shall be 3 m.

@ A 1.2 m left paved shoulder iz preferred in urban areas;
on freeway to freeway connections it shall be 1.5 m.

@ When freeway is not on tangent alignment, select radius to
approximate same degree of convergence(see Index 504.2(3)).

(?) 1:15 Flare, 15 m long — Table 405.4.

2% superelevation may be acceptable for the 1000 m radius
curve on entrance ramps.

Locate as if it were to be center of a 0.3 m radius curb
nose.
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See Index 504.2(4) for decision sight
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The exit nose shown on Figure 504.2A may
be located downstream of the 7 m
dimension; however, the maximum paved
width between the mainline and ramp
shoulder edges should be 6 m. Also, see

pavement cross slope requirements in Index
504.2(5).

Refer to the HOV Guidelines and Ramp
Meter Design Guidelines for additional
information specific to direct connections to
HOV lanes and metered entrance ramps and
connectors.

(3) Location on a Curve. Freeway entrances

and exits should be located on tangent
sections wherever possible in order to
provide maximum sight distance and
optimum traffic operation. Where curve
locations are necessary, the ramp entrance
and exit tapers should be curved also. The
radius of the exit taper should be about the
same as the freeway edge of traveled way in
order to develop the same degree of diver-
gence as the standard design (see Figure
504.2B).

Figure 504.2B

Location of Freeway Ramps
on a Curve

Standard nose distance - 7 n

Large radius or
short tangent

Standard nose 7 ni*

Ra=2/3 Rz or more
(670 m max.)

* On branch connections
use 6 mand 120 m

On entrance ramps the distance from the
inlet nose (4.25-meter point) to the end of
the acceleration lane taper should equal the
sum of the distances shown on Figure
504.2A. The 50:1 taper may be curved to fit
the conditions, and the 1000 m radius curve
may be adjusted (see Figure 504.2A, note 5).

When an exit must be located where
physical restrictions to visibility cannot be
orrected cut _widenin or __ object
removal, an auxiliary lane in advance of the
exit should be provided. The length of
auxiliary lane should be a minimum 180 m.
300 m preferred.

(4) Design Speed Considerations. In the design
of interchanges it is important to provide
vertical and horizontal alignment standards
which are consistent with driving conditions
expected on branch connections. Sight
distance on crest vertical curves should be
consistent with expected approach speeds.

(a) Freeway Exit--The design speed at the
exit nose should be 80 km/h or greater

for both ramps and branch connections.
Decision sight distance given in Table
201.7 should be provided at freeway

exits _an ranch nnectors.
n_collector-distributor

secon Xl
roads, a minimum of 190 m of decision
sight distance should be provided. In all

cases, sight distance is measured to the
center of ramp lane right of the nose.

(b) Freeway Entrance--The design speed at
the inlet nose should be consistent with
approach alignment standards. If the
approach is a branch connection or
diamond ramp with high alignment

standards, the design speed should be at
least 80 km/h.

(c) Ramps--See Index 504.3(1)(a).

(d) Freeway-to-Freeway Connections -- See
Index 504.4(2).

(5) Grades. Grades for freeway entrances and

exits are controlled primarily by the
requirements of sight distance. = Ramp

profile grades should not exceed 8% with

e exception escending entrance ramps
an nding exit r s, _wh al%
I is allowed. However, the 1%

steeper grade should be avoided on
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descending loops to minimize overdriving of
theramp (see Index 504.3 (7).

Profile grade considerations are of particular
concern through entrance and exit gore
areas. In some instances the profile of the
ramp or connector, or a combination of
profile and cross dope, is sufficiently
different than that of the freeway through
lanes that grade breaks across the gore may
become necessary. Where adjacent |anes or
lanes and gore areas at freeway entrances
and exits are not in the same plane, the
agebraic differencein pavement cross slope
should not exceed 5%.

In addition to the effects of terrain, grade
lines are aso controlled by structure
clearances (see Indexes 204.6 and 309.2).
Grade lines for overcrossing and
undercrossing roadways should conform to
the requirements of HDM Topic 104 Roads
Under Other Jurisdictions.

(a) Freeway Exits--Verticd curves |ocated
just beyond the exit nose should be
designed with a minimum 80 km/h
stopping sight distance. Beyond this
point, progressively lower design
speeds may be used to accommodate
loop ramps and other geometric features.

Ascending off-ramps should join the
crossroads on areasonably flat grade to
expedite truck starts from a stopped
condition. If the ramp ends in a crest
vertical curve the last 15 m of the ramp
should beon a5% grade or less. There
may be cases where a valey gutter is
necessary to prevent crossroads water
from draining onto the ramp.

On descending off-ramps, the sag verti-
cal curve at the ramp termina should be
aminimum of 30 min length.

(b) Freeway Entrances--Entrance profiles
should approximately parallel the profile
of the freeway for at least 30 m prior to
the inlet nose to provide intervisibility in
merging situations. The vertical curve at
the inlet nose should be consistent with
approach alignment standards.

Where truck volumes (threc-axle or
more) exceed 20 per hour on ascending
entrance  ramps to freeways and
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expressways with sustained upgrades
exceeding 2%, a 450 m length of
auxiliary lane should be provided in
order to insure satisfactory operating
conditions Additiona length may be
warranted based on the thorough
analysis of the site specific grades,
traffic volumes, and caculated speeds;
and after consultation with represen-
tatives of the Headquarters Traffic
Operations Program and the Office of
Project Planning and Design. Also, see
Index 204.5 "Sustained Grades'.

504.3 Ramps
(1) General.

(a) Design Speed -- When ramps terminate
at an intersection at which all traffic is
expected to make a turning movement,
the minimum design speed aong the
ramp should be 40 km/h. _When a
“through” movement is provided at the
ramp terminus, the minimum ramp
design speed should meet or exceed the
design speed of the highway facility for
which the through movement is
provided. The design speed along the
ramp will vary depending on alignment
and controlsat each end of the ramp.
An acceptable approach is to set design
speeds of 40 km/h and 80 km/h at the
ramp terminus and exit nose,
respectively, the appropriate design
speed for any intermediate point on the
ramp is then based on its location
relative to those two points. When short
radius curves with relatively lower
design speeds are used, the vertical sight
distance should be consistent with
approach vehicle speeds. See Index
504.2(4) for additiona information
regarding design speed for ramps.

(b) Lane Width--Ramp lanes shall be a
minimum of 3.6 m in width.
Where ramps have curve radii of
90 m or less with a central angle
greater than 60 degrees, the
single ramp lane, or the lane
furthest to theright if theramp is
multilane, shall be widened in
accordance with Table 504.3 in
order to accommodate large truck
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wheel paths (see Topic 404).
Consideration may be given to widening
more than one lane on a multilane ramp
with short radius curves if there is a
likelihood of considerable bus or truck
usage of that lane.

Table 504.3
Ramp Widening for Trucks

Ramp Radius Widening Lane Width

(m) (m) (m)
<40 2.0 5.6
40 - 44 16 5.2
45 -54 13 4.9
55-64 0.9 4.5
65-74 0.6 4.2
75-90 0.3 3.9
>90 0 3.6

(c) Shoulder Width--Shoulder widths
for ramps shall be asindicated in
Table 302.1. Typical ramp shoulder
widths are 1.2 m on the left and 2.4 m
on the right. The narrower widths
indicated in Table 3021 may be
considered for multilane situations
where blockage of one lane by a
disabled vehicle will not create excessive
gueuing on the ramp.

(d) Lane Drops--Typically, lane drops are to
be accomplished over a distance equal to
2/13WV. Where ramps are metered, the
recommended lane drop taper past the
meter limit line is 50 to 1. Where
conditions preclude the use of a 50 to 1
taper, the lane should be dropped using
a taper of no less than 30 to 1.
However, the lane drop taper past
the limit line shall not be less
than 15 to 1.

Lane drop tapers should not extend
beyond the 2-meter point (the beginning
of the weaving length) without the
provision of an auxiliary lane.

(e) Lane Additions -- Lane additions to
ramps are usually accomplished by use
of a36 m bay taper. See Table 405.2A
for the geometrics of bay tapers.

(f) Ramp Metering--The standards
described in the HDM are to be applied
to both metered and non-metered ramps.
However, atention is directed to the
"Ramp Meer Design Guidelines'.
These quidelines, when wused in
conjunction with HDM standards,
should provide adequate guidance in the
design of metered ramps. Ramp Meter
Development Plans, developed by the
Didtrict Traffic Operations unit should be
consulted to determine if entrance ramps
need to be designed to accommodate
future metering hardware and/or future
lane configurations.

(2) Location and Design of Ramp Intersections

on the Crossroads.

Factors which influence the location of ramp
intersections on the crossroads include sight
distance, construction and right of way
costs, circuitry of travel for left-turn move-
ments, crossroads gradient at ramp intersec-
tions, storage requirements for left-turn
movements off the crossroads, and the
proximity of other local road intersections.

Ramp terminals should connect where the
grade of the overcrossing is 4% or less to
avoid potential overturning of trucks.

For left-turn maneuversfrom an off-ramp at
an_unsignaized intersection, the length of
crossroads open to view should be greater
than the product of the prevailing speed of
vehicles on the crossroads, and the time
required for astopped vehicle on theramp to
execute a left-turn maneuver. This time is
estimated to be 7-1/2 seconds.

Wherea separate right turn lane is provided
at ramp terminals, the turn lane should not
continue as a "free" right unless pedestrian
volumes are low, the right turn lane
continuesas aseparate full width lane for at
least 60 m prior to merging and access
control is maintained for at least 60 m past
the ramp intersection. Provision of the
"free" right should also be precluded if |eft
turn_movements of any kind are allowed
within 125 m of the ramp intersection.
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Figure 504.3A
Location of Ramp Intersections
on the Crossroads
Unsignalized and based on 7.5 second
horizontal sight distance criteria
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[ d
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a=Distance from edge of traveled way to bridge railing. 100 210
b=Distance from center of near lane to eye of ramp vehicle driver. 110 . 230

Ramp driver's eye is assumed to be located 3 m from the edge of

shoulder, but not less than 4 m from the ETW. (Therefore, b = 1.8 m +

shoulder width + 3.0 m) See Index 405.1.

c=Ramp set back from end of bridge railing.

d=Corner Sight distance along highway from intersection. ( See Table above.)

Sight distance is measured from a 1070 mm eye height on the ramp

to a 1300 mm object height on the crossroad.
V=Anticipated prevailing speed on crossroad.
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Horizontal sight restrictions may be caused
by bridge railings, bridge piers, or slopes.
Sight distance is measured between the
center of the outside lane approaching the
ramp and the eye of the driver of the ramp
vehicle assumed 3.0 m back from the edge
of shoulder at the crossroads. Figure
504.3A illustrates the determination of ramp
setback from an overcrossing structure on
the basis of sight distance controlled by the
bridgerail. The same relationship exists for
sight distance controlled by bridge piers or
slopes.

Where ramp set back for the 7-1/2 second
criteria is unobtainable, sight distance
should be provided by flaring theend of
the overcrossing structures or setting back
the piers or end slopes of an undercrossing
structure.

If signals are warranted within 5 years of
construction, consideration may be given to
installing signalsinitially in lieu of providing
the 7-1/2 second horizontal sight distance.
However, thisis not desirable and corner
sight distance commensurate with design
speed should be provided where obtainable
(see AASHTO, A Policy on Geometric
Design of Highways and Streets, 1994).

For additional information on sight distance
requirements at signalized intersections, see
Index 405.1.

For new construction or major
reconstruction of interchanges, the
minimum distance between ramp
intersections and local road inter sec-
tions shall be 125 m. The preferred
minimum distance should be 160 m. This
does not apply to Resurfacing, Restoration
and Rehabilitation (RRR), ramp widening,
restriping or other projects which do not
reconfigure the interchange. This standard
does apply to projects proposing to realign a
local street.

Where intersections are closely spaced,
traffic operations are often inhibited by short
weave and storage lengths, and signal
phasing. In addition it isdifficult to provide
proper signing and delineation. Whenever it
becomes necessary to locate aramp termina
closeto anintersection, the District Traffic
Branch should be consulted regarding the

requirement for signing, delineation and
signal phasing.

(3) Superelevation for Ramps. The factors

controlling superelevation rates discussed in
Topic 202 apply also to ramps. Asindicated
in Table 202.2 use the 12% ena rate except
where snow and ice conditions prevail. In
restrictive cases where the length of curveis
too short to develop standard supereleva
tion, the highest obtainable rate should be
used (see Index 202.5). |If feasible, the
curve radius can be increased to reduce the
standard superelevation rate. Both edge of
traveled way and edge of shoulder should be
examined at ramp junctions to assure a
smooth transition.

Under certain restrictive conditions the
standard superelevation rate discussed above
may not be required on the last curve (near
the ramp intersection) of a multi-curve
diagonal ramp.  The specific conditions
under which lower superelevation rates
would be considered must be evaluated on a
case-by-case basis and must be discussed
with the Project Development Coordinator.
Documentation shall be asrequired by the
Coordinator.

(4) Sngle-lane Ramps.  Single lane ramps are

those ramps that either enter into or exit
from the freeway asasinglelane. These
ramps are often widened near the ramp
intersection  with the crossroads to
accommodate turning movements onto or
from the ramp. When additiona lanes are
provided near the entrance ramp intersection
the lanedrop should be accomplished over a
distance equal to 2/3WV. The lane to be
dropped should be on theright so that traffic

merges | eft.

Exit rampsin metropolitan areas may require
multiple lanes at the intersection with the
crossroads to provide additional storage and
capacity. If thelength of a single lane ramp
exceeds 300 m, an additional lane should be
provided on the ramp to permit passing
maneuvers. Figure 504.3B illustrates
dternative ways of trangitioning a single
lane exit ramp to two lanes. The decision to
use Alternate A or Alternate B is generally
based on providing the additiona lane for
the minor movement.
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Figure 504.3B

Transition From a Single-Lane

Exit Ramp to Two Lanes
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(5) Two-lane Exit Ramps. Where design year

estimated volumes exceed 1500 equivaent
passenger cars per hour, a 2-lane width of
ramp should be providedinitially.

Provisions should be made for possible
widening to three or more lanes at the
crossroads intersection.  Figure 504.3C
illustrates the standard design for a 2-lane
exit. Anauxiliary laneapproximately 400 m
long should be provided in advance of a 2-
lane exit. For volumes less than 1500 but
more than 900, a one-lane width exit ramp
should be provided with provision for
adding an auxiliary lane and an additional
laneon the ramp.

(6) Two-lane Entrance Ramps. A standard two

lane entrance ramp is illustrated in Figure
504.3C. This design may be utilized in
situations where the estimated design year
volume exceeds 1500 equivalent passenger
cars per hour. The configuration shown in
Figure 504.3C, which includes the
provision of a 300 m auxiliary lane parallel
to the freeway, will typically only be used
where adequate capacity exists on the
through facility in the design year. Where
capacity is limited, consideration should be
given to extending the auxiliary lane to the
next interchange or adding additional lanes
to the freeway. For most urban situations, it
is recommended that multiple ramp lanes
taper to asingle lane prior to the 2-meter
separation point (where merging is
considered to begin). A thorough investiga-
tion of ramp volumes versus through facility
volumes must be made for off-peak as well
as peak periods if metering of theramp is
anticipated.  Early discussion with the
Headquarters Traffic Reviewer and Project
Development Coordinator or Geometric
Reviewer is recommended whenever two
lane entrance ramps are being considered.

(7) Loop Ramps. Normally, loop ramps should

have one lane and shoulders unless a second
lane is needed for capacity or ramp metering
purposes. Consideration should be given to
providing a directiona ramp when loop
volumes exceed 1500 vehicles per hour. If
two lanes are provided, normally only the
right lane needs to be widened for trucks.
See Topic 404 for additional discussion on
lane widths and design of ramp intersections
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to accommodate the design vehicle. See
Index 504.3(1) for a discussion on ramp
widening for trucks.

Radii for loop ramps should normally range
from 45 mto 60 m. Increasing the radii
beyond 60 m istypically not cost effective
as the dight increase in design speed is
usually outweighed by the increased right of
way requirements and the increased travel
distance. Curve radii of less than 35 m
should aso be avoided. Extremely tight
curves lead to increased off-tracking by
trucks and increase the potential for vehicles
to enter the curve with excessive speed.

Of particular concern in the design of loop
ramps are the constraints imposed on large
trucks. Research indicates that trucks often
enter loops with excessive speed, either due
to inadequate deceleration on exit ramps or
due to driver effortsto maintain speed on
entrance rampsto facilitate acceleration and
merging. Where the loop is of short radius
and is al'so on a steep descent (over 6%), it
isimportant to develop the standard 2/3 full
superelevation rate by the beginning of the
curve (see Index 504.2(5)). On loop
entrance ramps this can often be facilitated
by beginning the ramp with a short tangent
(20 m to 30 m) that diverges from the cross
street at an angle of 4 to 9 degrees.
Consideration should be given to developing
additional tangent length if conditions allow.

The ramp lane structural section should be
provided on shoulders for curves with a
radius less than 90 m (see Index 608.6).

(8) Distance Between Successive On-ramps.

The minimum distance between two
successive on-ramps to a freeway lane
should be the distance needed to provide the
standard on-ramp acceleration taper shown
on Figure 504.2A. This distance should be
about 300 m unless the upstream ramp adds
an auxiliary lane in which case the
downstream ramp should merge with the
auxiliary lane in a standard 50:1
convergence. The distance between on-
ramp noses will then be controlled by
interchange geometry.

(9) Distance Between Successive Exits. The

minimum distance between successive exit
ramps for guide signing should be 300 m on




500-20 HIGHWAY DESIGN MANUAL

July 1, 1995

the freeway and 180 m on collector-
distributor roads.

(10) Curbs. Curbs should not be used on ramps
except in the following locations:

(& An 80 mm concrete curb (Type B-4,
Index 209.2), may be used on both
sides of the separation between freeway
lanes and a parallel collector-distributor
road.

(b) A B-4 curb may be used as shown in
Figure 504.2A to control drainage or
where the gore cross slope would be
greater than allowed in Index 504.3(3).
When the optional B-4 curb isused at
the entrance ramp inlet nose, the
shoulder adjacent to the curb should be
the same width as the ramp shoulder
approaching the curb. The B-4 gutter
pan can be included as part of the
shoulder width. As stated in Index
405.4(2), curbs ae  typicaly
discouraged where design speeds are
over 75 km/h. The appropriateness of
curbs at gore areas must be determined
on a case-by-case basis.

(c) Curbs may be used where necessary at
the ramp connection with the local street
for the protection of pedestrians, for
channelization, and to provide compati-
bility with the local facility.

(d) Curbs may be used where necessary to
control drainage.

(e) The Type E curb may be used only in
special drainage situations, for example,
where drainage paradlds and flows
against the face of aretaining wall. In
general, curbs should not be used on the
high side of ramps or in off-ramp gore
areas except at collector-distributor
roads.

(11) Dikes. The use of dikes should conform to
the requirements of Index 835.3.

(12) Ramp Capacity. See Chapter 5 of the
Highway Capacity Manual for an analysis
of ramp capacity.

504.4 Freeway-to-Freeway Connections

(1) General. All of the design criteria discussed
in Indexes 501.3, 504.2 and 504.3 apply to

freeway to freeway connectors, except as
discussed or modified below.

(2) Design Speed. Thedesign speed for single
lane directional and all branch connections
should be a minimum of 80 km/h. When
smaler radius curves, with lower design
speeds, are used the vertical sight distance
should be consistent with approaching
vehicle speeds. Design speed for loop
connectors should be consistent with Index
504.2(4).

(3) Grades. The maximum profile grade on
freeway-to-freeway connections should not
exceed 6%. Fatter grades and longer
vertical curves than those used on ramps are
needed to obtain increased stopping sight
distance for higher design speeds.

(4) Shoulder Width,

() Single-lane and Two-lane Connections--
The width of shoulders on single-
lane and two-lane (except as
described below) freeway-to-
freeway connectors shall be
1.5 m on theleft and 3.0 m on
theright. A singlelane freeway-
to-freeway connector that has
been widened to two lanes solely
to provide passing opportunities
and not due to capacity
requirements shall havea 1.5 m
left shoulder and at least a 1.5 m
right shoulder (seeIndex 504.4(5)).

(b) Three-lane Connections--T he width of
shoulders on three-lane connec-
tors shall be 3.0 m on both the
left and right sides.

(5) Sngle-lane Connections Freeway-to-
freeway connectors may be single lane or
multilane. Where design _year volume is
between 900 and 1500 equivaent passenger
cars per hour, initid construction should
provide a single lane connection with the
capability of adding an additiona lane.
Singlelane directiona connectors should be
designed using the genera configurations
shown on Figure 504.2A, but utilizing
the flatter diverge angle shown in Figure
504.4. Singlelaneloop connectors may use
adiverge angle of as much as that shown on
Figure 504.2A for ramps, if necessary. The
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Figure 504.4

Diverging Branch Connections
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choice will depend upon interchange
configuration and driver expectancy. Single
lane connectorsin excess of 300 m in length
should be widened to two |anes to provide
for passing maneuvers (see Index
504.4(4)).

(6) Branch Connections. A branch connection
is defined as a multilane connection between
two freeways. A branch connection should
be provided when the design year volume
exceeds 1500 equivalent passenger cars per
hour.

Merging branch connections should be
designed as shown in Figure 504.3C.
Diverging branch connections should be
designed as shown in Figure 504.4. The
diverging branch connection leaves the main
freeway laneson a flatter angle than the
standard 2-lane ramp exit connection
shown in Figure 504.3B. The standard
ramp exit connects to a loca street. The
diverging branch connection connects to
another freeway and has a flatter angle that
allows a higher departure speed.

At a branch merge, ah 800 m length of
auxiliary lane should be provided beyond
the merge of one lane of the inlet, except
where it does not appear that capacity on the
freeway will be reached until five or more
years after the 20 year design period. In this
casethelength of auxiliary lane should be a
minimum_of 300 m. For diverging
connections where less than capacity
conditions beyond the design year are
anticipated, the length of auxiliary lane in
advance of the exit should be 400 m.

(7) Lane Drops. The lane drop taper on a
freeway-to-freeway connector should not be
less than 2/3WV.

(8) Metering. Any decision to meter freeway-
to-freeway connectors must be carefully
considered as driver expectancy on these
types of faciliies is for high-speed
uninterrupted flow. If metering is antici-
pated on a connector, discussions with the
Headquarters Traffic Reviewer and Project
Development Coordinator should take place
asearly as possible. Issues of particular
concern are adequate deceleration lengths to
the end of the queue, potential need to widen
shoulders if sight distance is restricted

(particularly on ramps with 1.5 m shoulders
on each side), and the potential for queuing
back onto the departing freeway.

504.5 Auxiliary Lanes

In order to ensure satisfactory operating
conditions, auxiliary lanes may be added to the
basic width of traveled way.

Where an entrance ramp of one interchangeis
closely followed by an exit ramp of another
interchange, the acceleration and deceleration
lanes should be joined with an auxiliary lane.
Auxiliary lanes should be provided in al cases
when the weaving distance, measured as shown
in Figure 504.2A, is less than 600 m. Where
interchanges are more widely spaced and ramp
volumes are high, the need for an auxiliary lane
between the interchanges should be determined
in accordance with Index 504.7.

Auxiliary lanes may be used for the orientation
of traffic at 2-lane ramps or branch connections
as illustrated on Figure 504.3C and Figure
504.4. The length and number of auxiliary
lanes in advance of 2-lane exits are based on
percentages of turning traffic and a weaving
analysis.

Auxiliary lanes may be warranted when merging
an ascending entrance ramp with high truck
volumes onto amainline facility with a sustained
upgrade. An auxiliary lane would allow
entrance ramp traffic to accelerate to a higher
speed before merging with mainline traffic, or
simply provide more opportunity to merge. See
Index 504.2 for specific requirements.

504.6 Mainline Lane Reduction at
I nter changes

The basic number of mainline lanes should not
be dropped through a local service interchange.
The same standard should also be applied
to freeway-to-freeway interchanges where less
than 35% of the traffic is turning (see Figure
504.4). Where more than 35% of the freeway
traffic isturning, consideration may be given to
reducing the number of lanes. No decision to
reduce the number of lanes should be made
without the approval of the Digrict Traffic
Operations  Unit. Additionaly, adequate
structure clearance (both horizontal and vertical)
should be provided to accommodate future
construction of the dropped lane if required.
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Where the reduction in traffic volumes is
sufficient to warrant a decrease in the basic
number of lanes, a preferred location for the
lane drop is beyond the influence of an inter-
change and preferably at least 1 km from the
nearest exit or inlet nose. Itisdesirableto drop
the right lane on tangent aignment with a
straight or sag profile so vehicles can merge | eft
with good visbility to the pavement markingsin
the merge area (see Index 201.7).

504.7 Weaving Sections

A weaving section is a length of one-way
roadway where vehicles are crossing paths,
changing lanes, or merging with through traffic
as they enter or exit a freeway or collector-
distributor road.

A single weaving section has an inlet at the
upstream end and an exit at the downstream
end. A multiple weaving section is character-
ized by more than one point of entry followed
by one or more points of exit.

A rough approximation for adequate length of a
weaving section is 0.3 m of length per weaving
vehicle per hour. Thisrate will approximately
provide a level of service C. Refer to the
January 31, 1995 Design Information Bulletin
Number 77 on Interchange Spacing for
additional weaving requirements.

There are various methods for anayzing
weaving sections.  Three methods which
provide valid results are described below.

The Leisch method, which is usually considered
the easiest to use, is illustrated in Figure
504.7A. This method was developed by Jack
Leisch & Associates and may be used to
determine the length of weaving sections for
both freeways and collector-distributor roads.
The Leisch weaving charts determine the level
of service for the weaving volumes for the
length of the weaving section from the first
panel on the lower left of the chart. The
analysis is dependent on whether the section is
balanced or unbalanced, as defined in Figure
504.7B. The level of service for the total
volume over all lanes of the weaving section is
then found from the panels on the right of the
chart. The weaving chart should not be
extrapolated.

Pages 234-238 of the 1965 Highway Capacity
Manual (HCM) provide a method for
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determining the adequacy of weaving sections
near single lane ramps. It isoften referred to as
the Level of Service (LOS) D method. This
method is also documented in Traffic Bulletin 4
which is available from the Traffic Operations
Program. The LOS D method can be used to
project volumes along aweaving section. These
volumes can be compared to the capacities along
the same weaving section. Volumes in
passenger car equivalents per hour (PCEPH)
should be adjusted for freeway grade and truck
volumes. Table 504.7C and Figures 504.7D
and E are reprinted from the 1965 HCM and
provide information regarding vehicle
distribution by lane.

The results obtained form Figure 504.7A (the
Leisch Method) for single-lane ramps with an
auxiliary lane and weaving rates exceeding 2500
PCEPH should be checked using the LOS D
method.

A method for anayzing multilane weaving
sections has been developed by the Institute of
Transportation  Studies,  University  of
Cdlifornia, Berkeley. This methodology is
similar to the Level of Service D approach and
PC compatible software is available to perform
the analysis. The Didgtrict Traffic Operations
unit should have copies of the software and
have information on the applicability of the
program.

Weaving capacity analyses other than those
described above should not be used on
California highways. Other methods, such as
the one contained in the 1994 HCM, may not
always produce accurate results.

Weaving sections in _urban areas should be
designed for leve of service C or D. Weaving
sections in rura areas should be designed for
level of serviceB or C. Design rates for lane
balanced weaving sections where at |least one
ramp or_connector will be two lanes should not
resultin aleve of service lower than the middle
of leve of service D using Figure 504.7A. In
determining acceptable hourly  operating
volumes, peak hour factors should be used.

On man freeway lanes the weaving length
measured as shown _in Figure 504.2A should
not be less than 500 m except where excessive
cost or severe environmental _constraints would
require consideration of ashorter length. 300 m
of length should be added for each additiona
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lane to be crossed by weaving vehicles. It
should be noted that a weaving analysis must be
considered over an entire freeway segment as
weaving can be affected by other nearby ramps.

The District Traffic Operations Branch should
be consulted for difficult weaving anaysis
problems.

504.8 Access Control

Access rights shall be acquired along
interchange rampsto their junction with
the nearest public road. At such junctions,
for new construction, access control should
extend 30 m beyond the end of the curb return
or ramp radiusin urban areasand 100 min rural
areas, or asfar as necessary to ensure that entry
onto the facility does not impair operationa
characteristics. Access control shall
extend at least 15 m beyond the end of
the curb return, ramp radius, or taper.

Typicad examples of access control at
interchanges are shown in Figure 504.8. These
illustrations do not presume to cover all
situations or to indicate the most desrable
designsfor al cases. Whenever thereis access
control on both sides of alocal street, the State
owns that R/W and a maintenance agreement is
needed.

It is also desirable to obtain access control on
the opposite side of the local road from ramp
terminal s to preclude the construction of future
driveways or loca roads within the ramp
intersection. This access control would limit the
volume of traffic and the number of phases at
the intersection of the ramp and local facility,
thereby optimizing capacity and operation of the
ramp. Through a combination of access control
and the use of raised median islands along the
local facility, intersections should be located at
least 125 m from the ramp intersection. Rightin
- right out access may be permitted beyond 60 m
from the ramp intersection. The length of
access control on both sides of the local facility
should match.

In Case 2 consider private ownership within the
loop only if access to the property is an adequate
distance from the ramp junction to preserve
operationa integrity.

In Case 3 if the crossroads is near the ramp
junction at the local road it is recommended that
full access control be acquired on the local street

from the junction to the intersection with the
crossroads.

Case 6 represents aslip ramp design.  If the
ramp is perpendicular to the local/frontage road
refer to Case 3. In Case 6 if the crossroadsis
near the ramp junction to the loca road it is
recommended that access control be acquired on
the opposite side of the loca street from the
junction.
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Figure 504.7A
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Figure 504.7B
Lane Configuration of Weaving Sections
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Source: Jack E. Leisch & Associates

DENOTE LANE BALANCE — OPTIONAL LANE AT EXIT
SLLs. — POTENTIAL LANE SHIFTS, CONSIDERING MAX OF
2 LANES INVOLVED ON ANY ONE APPROACH
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Percent of Through Traffic Remaining in Outer Through Lane
(Level of Service D Procedure)

APPROXIMATE PERCENTAGE OF THROUGHaTRAFFIC
R T
THROUGH TRAERC. LEVEL OF SERVICE D.
ONE DIRECTION (vph) 8-L ANED 6-L ANEC 4-L ANEd
FREEWAY FREEWAY FREEWAY
6500 and over 10 - -
6000 - 6499 10 - -
5500 - 5999 10 - -
5000 - 5499 9 - -
4500 - 4999 9 18 -
4000 - 4499 8 14 -
3500 - 3999 8 10 -
3000 - 3499 8 6 40
2500 - 2999 8 6 35
2000 - 2499 8 6 30
1500 - 1999 8 6 25
Up to 1499 8 6 20

4 lanes one way
3 lanes one way
2 lanes one way

Qo0 T o

Traffic not involved in aramp movement within 1200 m in either direction.
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Figure 504.7D
Percentage Distribution of On- and Off-ramp Traffic

in Outer Through Lane and Auxiliary Lane
(Level of Service D Procedure)

CASE I — SINGLE — LANE ON- AND OFF-RAMPS WITHOUT AUXILIARY LANE
(THIS CHART MAY BE USED REGARDLESS OF ACTUAL SPACING BETWEEN
ON— AND OFF-RAMPS, BUT AS NOTED BELOW* CAUTION MUST BE
EXCERCISED IN USING THESE VALUES.

A @ :2n®: 4;®_— =) = G_D :95'-61):“: %@:*mcm
1gg—LANE

] 150m |300m (450 m (800 m (780 m (800 m [1050 m |1zoo m
1200 m 1050 m B00m 750 m 600m 450 m 300m 160m O
CASE II — SINGLE — LANE - ON- AND OFF-RAMPS WITH AUXILIARY LANE**

(A) L = 300 m

EXAMPLE: — e
GIVEN: L = 300 m —= 95 24 [80) —(e8)—~ ricur
PORTION OF V, THROUGH = 100 = LANE
(FROM TABLE 504.7C = 475 VPH lo |150 m [s00 m
ON-RAMP = 1,000 VPH 0 m 180m 0
OFF-RAMP = 1,200 VPH
ON-RAMP TO OFF-RAMP = 0
FIND: V, (VOL. IN OUTHER THROUGH LANE) @ 150 m =
475 + (0.80)(1,000) + (0.24)(1,200) =

1,663 VPH
— — % — —
B) L = 450 m — — :@ — @:@E
(8 /ﬁ 6a(35] “ee(7) 100 —x
|o 160 m |300 m [450 m
40m 300m 150m O
—— & Tl W6y T G =
(C) L =600 m _—Ro s0(s0) 76(14) s2(3) 100 -
lo 160 m |300 m |460 m [600 m
600 m 450 m 300 m 150 m 0
S S I8 AR
(D) L = 750 m /;(:'3‘ 377162) " 60(23) 76(9) ~e2(3) 100 -
|o 150 m |300 m [460 m |800 m |760 m
70m 800m 450m 300m 150m O
(B) L =

o m By BEY :zo@:iﬂ:o wG T ) —
75 3z
__={o 23 43 so (18] 76 (7) ez 100
lo [150 m (300 m [450m |60 m |750 m |e00 m
900m 750m 800m 450m B800m 150m 0

CIRCLED VALUES @ INDICATE PERCENTAGE OF ON-RAMP TRAFFIC IN LANE SHOWN. UNCIRCLED VALUES INDICATE
PERCENTAGE OF OFF-RAMP TRAFFIC IN LANE SHOWN. (REMAINING PORTION OF TRAFFIC IS IN LANE(S) TO LEFT OF OUTER
THROUGH LANE.)

THESE PERCENTAGES ARE NOT NECESSARILY THE DISTRIBUTIONS UNDER FREE FLOW OR LIGHT RAMP TRAFFIC, BUT
UNDER PRESSURE OF HIGH VOLUMES IN THE RIGHT LANES AT THE POINT BEING CONSIDERED AND WITH ROOM AVAILABLE IN
OTHER LANES.

* MINIMUM X IN RIGHT LANE CANNOT BE LESS THAN X OF THROUGH TRAFFIC IN RIGHT LANE AS DETERMINED FROM
TABLE 604.7C (SEE NOTE, FIG. 5047E).

** SEE FIGURE 504.2A FOR METHOD OF MEASURING LENGTH L (WEAVING LENGTH).
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Figure 504.7E
Percentage of Ramp Traffic in the Outer Through Lane
(No Auxiliary Lane)
(Level of Service D Procedure)
% 1m ) T 1
- (A) ON-RAMP TRAFFIC N
§ AN
[ 4 m A,
& N -
2 a0 | lseknore | | | N feed wobe
z N 1T NG|
£ 20 Q N
E 0 (B) OFF-RAMP TRAFFIC ™
2 o 2 4 6 8 10 12 0 2 4 6 8 10 12
DISTANCE DOWNSTREAM OF ON-RAMP NOISE DISTANCE UPSTREAM OF OFF-RAMP NOISE -
(100 m) (100 m)
EXAMPLE: @
;/——
lc—ﬁo m —“
A - NORMAL CALCULATION B - CHECK CALCULATIONS
2 LANES ONE-WAY BECAUSE % IN THE OUTER THROUGH LANE AT 450 M IS BELOW
"THROUGH TRAFFIC" = 2,400 VPH DASHED LINE, RECALCULATE ASSUMING ON-RAMP TRAFFIC IS
"ON-RAMP" = 800 VPH THROUGH TRAFFIC.
AMOUNT IN THE OUTER THROUGH LANE AT @ AMOUNT IN THE OUTER THROUGH LANE AT @
THROUGH (FROM TABLE 504.7C) = 0.30 X 2,400 = 720 THROUGH (FROM TABLE 504.7C) 0.40 X 3,200 = 1,280
ON-RAMP (FROM CHART ABOVE) = 030X 800=240 SINCE CALCULATION B (1,280) IS GREATER THAN
960 CALCULATION A (960) USE 1,280.

*THESE PERCENTAGES ARE NOT NECESSARILY THE DISTRIBUTIONS UNDER FREE FLOW OR LIGHT RAMP TRAFFIC,
BUT UNDER PRESSURE OF HIGH VOLUMES IN THE RIGHT LANES AT THE LOCATION BEING CONSIDERED AND WITH
AVAILABLE ROOM IN OTHER LANES.

NOTE: IF RAMP PERCENTAGE IN THE OUTER THROUGH LANE AT POINT UNDER CONSIDERATION IS BELOW DASHED
LINE, THEN AMOUNT IN THE OUTER THROUGH LANE SHOULD BE RECALCULATED ASSUMING RAMP TRAFFIC IS
THROUGH TRAFFIC. USE HIGHER VALUE. SEE EXAMPLE ABOVE.
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Figure 504.8

Typical Examples of Access
Control at Interchanges

]
I Limit of access control is minimum
15 m beyond end of roamp radius.

R/W

CASE 1
DIAMOND INTERCHANGE

Minimum limit of occess control
is end of paverment taper.

R/W of local rocd

CASE 2
CROSS ROAD AT GRADE
PRIVATE OWNERSHIP IN LOOP

-=«——— Desirable

LEGEND

Lo aaaatesd

ACCESS CONTROL

Desirable/
CASE 3
LOCAL ROAD CONNECTION
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Figure 504.8 (cont.)

Typical Examples of Access
Control at Interchanges

|
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